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Experiment Background: “Precision” frontier 

Magnetic  Field 

Does particle behavior match 

Standard Model predictions? 
• Mass? 

• Production rates? 

• Decay rates? 

• Interactions with other particles 

or fields (e.g. magnetic moment) 
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Experiment Background: Magnetic moment 
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Experiment Background: Testing the anomalous 

magnetic moment 

• E-821 at BNL 

– Latest measurement of the anomalous magnetic moment of a muon had a 3.3σ 

discrepancy from SM  

– Uncertainty mainly due to HVP and HLBL terms in QCD prediction 

 

• E-989 at Fermilab 

– More than 21 times the amount of statistics than predecessor E-821 

–  δaµ
exp = .54 ppm to .14 ppm improvement 

– Reduced pion contamination, segmented detectors and an improved storage 

ring kicker 
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am
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SM = (260 ± 78) x 10-11    (3.3 s) 
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Experiment Background: Muons in a storage ring 

1. Start with polarized muon beam (from pion decay) 

 

2. Cyclotron frequency: 

 

 

3. Spin precession frequency: 

wc  = 
e

m g
 B

wS  = 
e

m g
 B (1 + g  am )

momentum 

spin 
wa = wS – wC = e/m am B 
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Jegerlehner & Nyffeler, Phys. Rept. 477 (2009) 1-110, arXiv:0902.3360v1 
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http://arxiv.org/pdf/0902.3360v1.pdf


Experiment Background: Muons in a storage ring 

 

• Self-analyzing 
decay:  
• Higher energy positrons 

emitted preferentially in 
direction of muon spin 

 

• Spectrum 
distortions 
•  Pileup, gain stability 

•  Beam effects, losses 
 

 

 

 

 

 

 

 

 

 

Time spectrum of decay positrons above 1.8 GeV/c2. Modulation is at frequency ωa which is 

proportional to aµ (Courtesy of the E821 collaboration) 
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𝜏 is the muon lifetime, the magnitude of the 

amplitude A is determined by the energy cut, 

and the phase ϕ depends on the initial 

polarization of the muon ensemble. 
 



Experiment Background: Instrumentation Upgrades 
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Experiment Background: Instrumentation Upgrades 

Segmented 

compact PbF2 

Cherenkov 
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Laser Calibration System: Variable gain 

 

• Gain fluctuations 

– Dangerous “short term” (within 700 µs fill) fluctuations alter 

energy reconstruction and raise systematic error on ωa to 

intolerable levels (>.01 ppm) 

 

• Calibration approach 

– Monitor gain (Gcal) of all calorimeter elements by exciting and 

monitoring the entire system periodically with a common light 

source (in principle, can ignore light source fluctuations) 

– Statistical fluctuations in recorded data must be smaller than 

variations in Gcal (<.1% per hour) 
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Giovanni Pauletta (INFN Udine) 



Laser Calibration System: SM detectors 

Each Source Monitor detects light using 3 independent 

detectors, 2 PIN diodes and 1 PMT to observe for eventual 

beam pointing effects.  

 

• PIN photodiodes (S1722-02) 

– amplified by custom frontend electronics 

– High photoefficiency  ( > 70%) 

– Fast ( rise time ~ ns) – can be shaped according  to necessity 

– Stable inherent gain (rise time and amplitude depend on bias 

but charge is nearly independent of bias voltage) 

– Overall detector gain stability depends essentially on frontend 

electronics which are designed to optmize stability 
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Laser Calibration System: SM detectors 

• PMT (H5783-04) 

– amplified by custom frontend electronics 

– receives light pulses transmitted from the mixing chamber to the 

photocathode by wavelength-shifting fibers  

– light pulses which are emitted  by a weak (~ 5-10 Hz) Am 

source (deposited on an NaI crystal, enclosed in an aluminium 

cylinder with a quartz window) are situated close to the PMT 

photocathode 

– the signal from the Am source serves as an absolute reference 

to aid with the relatively poor stability (e.g. strong dependence 

on HV) of PMTs 
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 DRS4 (WFD) 
 SMB 

PIN1 IN 

PIN2 IN 

PMT IN 

WFD OUT 

Trigger OUT 
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 LCB 

 SM 

 Sepia II 
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Input pulse : 180 pJ        Pulse rate: < 1 Hz, 

Run time: 16 h                WFD: DRS4 

 

Chanel output (V) vs Time (ns) 

 

Trigger PIN1 

PIN2 PMT 
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Warmup 

phase (4 h) Possibble correlation 

with temperature 

time (h) 

PIN Ratio 
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trigger number 

PIN1/PMT 

Warmup 

phase (4 h) Possibble correlation 

with temperature 
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Closing remarks 

 

• Storage ring is cold and powered  

– Installation in 2nd half of 2016  

– Muons in 2017 

 

• Laser calibration system will aid in 

obtaining 0.01 ppm statistical 

uncertainty 

– Monitoring equipment is ready for 

installation 

– Temperature and electronic baseline 

fluctuations must be well understood 

(frontend electronics) 
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Muon g-2 

Thank you! 

 



Backup  
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2 ms 
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• How it works 

– 3.1 GeV/c muons 

produced from pion 

decay channel are fed 

into 14m diameter, 1.45T 

magnet 

– Decaying muons emit 

electrons which curl 

towards ring interior and 

are collected by 

calorimeters 

 

 

 

 

Experiment Background: Measuring aµ 

             Decay electron data from E-821 

            BNL Data Report (2000) 
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PMT (H5783-04) specifications 

11/02/2016 
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According to manual at http://html.alldatasheet.com/html-

pdf/62598/HAMAMATSU/H5783-04/407/1/H5783-04.html 
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